Bronchoalveolar lavage has been widely used to recover cells, proteins, and small molecules from the alveolar space of the lower respiratory tract since the first report of Reynolds and Newball over three decades ago.
In bronchoalveolar lavage, sterile saline is administered into the bronchoalveolar space and aspirated by syringe. 1) Because recovery of the components in bronchoalveolar lavage fluid (BALF) varies from sample to sample, their concentrations are usually normalized relative to those of albumin. [1] [2] [3] [4] [5] [6] 8) Furthermore, the absolute concentration of albumin itself in BALF may allow characterization of interstitial lung disorders. 9, 10) Therefore a sensitive and simple method for determining trace amounts of albumin in BALF is desirable.
Dye-binding methods are widely used for the determination of proteins, 13) and spectrophotometric methods using bromocresol green are most commonly used in clinical assays of human serum albumin (HSA). [14] [15] [16] [17] However, the specificity for HSA in the bromocresol green method is not very high. The bromocresol purple method is also used in clinical measurement of HSA, and is more selective for HSA than the bromocresol green method. 18, 19) However, the bromocresol purple method is not applicable to BALF samples of low albumin concentration.
Saito et al. 20, 21) reported a highly sensitive fluorimetric method using chromazurol S (CAS) for the determination of trace albumin, and pointed out that several reagents analogous to CAS including eriochrome cyanine R (ECR) are promising. 22) Subsequently, Ci and Chen 23) reported a fluorimetric method for the determination of HSA using ECR. They used 308 nm as the excitation wavelength. However, Saito's group reported that the HSA-ECR complex showed visible excitation and emission spectra and low reagent blank at pH <4.0. Ultraviolet radiation may give rise to fluorescence of other components. Therefore in the present study we investigated the fluorimetric determination method of human albumin using ECR and visible range as excitation wavelength. This technique was applied to determine trace amounts of human albumin in BALF samples.
MATERIALS AND METHODS

Reagents
The chemicals used in the present study were obtained from the sources indicated as follows: Eriochrome cyanine R (ECR), Merck AG (Darmstadt, Germany); human serum albumin (HSA), fraction V grade, and goat anti-HSA antiserum, Sigma Chemical Co. (St. Louis, U.S.A.); 3,3Ј,5,5Ј-tetramethylbenzidine, Nacalai Tesque Inc. (Kyoto, Japan). All solutions were prepared using water purified with a Milli-Q water system (Millipore Corp., Bedford, U.S.A.). Polystyrene balls were obtained from Sekisui Chemical Co., Ltd. (Tokyo, Japan). Bronchoalveolar Lavage Informed consent was obtained from all patients. Fifty milliliters of warm saline was infused through the work channel of a bronchoscope then withdrawn by gentle aspiration. The lavage was repeated 6 times, and a total of about 300 ml of BALF was obtained from each subject. After filtration through a single layer of gauze to remove gross mucus, the BALF samples were centrifuged at 500 g and 4°C for 10 min to separate cells. The supernatant was filtered through a membrane filter (pore size 0.45 mm), and stored at Ϫ20°C. In the present study, 264 BALF samples obtained from 44 subjects were assayed. They were collected from the following subjects: healthy subjects, smokers (nϭ9), and nonsmokers (nϭ9); and from patients with idiopathic pulmonary fibrosis (nϭ9); sarcoidosis (nϭ13); or hypersensitivity pneumonitis (nϭ4).
Standard Procedure for ECR Method One milliliter of sample or saline solution containing HSA as standard, 1 ml of 1.0ϫ10 Ϫ5 M ECR solution, and 3 ml of 0.05 M citrate buffer (pH 2.5) were mixed and stood at 37°C for 30 min. The fluorescence intensity was then measured at 610 nm with EIA Method All incubations were carried out at 37°C. To coat polystyrene balls with anti-HSA, balls were incubated with goat anti-HSA antiserum solution (5 mg protein/ml) for 16 h. Three hundred microliters of 1% gelatin in phosphate buffered saline (pH 7.4, PBS) was added to a test tube containing one coated ball and incubated for 30 min. Fifty microliters of sample or standard solution was then added to each tube and incubated for 2 h. The mixture was aspirated off, and the ball was washed three times with PBS containing 0.5% Tween ® 20. Then 300 ml of anti-HSA IgG-horseradish peroxidase conjugate solution, diluted 1000 fold with 1% gelatin in PBS, was added to the ball and incubated for 2 h. The mixture was aspirated off, and the ball was washed three times with PBS containing 0.5% Tween ® 20. The washed ball was added to 300 ml of 0.1 M citrate buffer (pH 4.5) containing 0.03% H 2 O 2 and 0.01 mg/ml 3,3Ј,5,5Ј-tetramethylbenzidine. The mixture was incubated for 15 min, and subsequently 700 ml of 2% H 2 SO 4 solution was added to stop the reaction. The absorbance of the mixture was measured at 450 nm.
RESULTS
Operating Conditions and Calibration Curve
The excitation and emission spectra for analysis are shown in Fig. 1 . In the present study, excitation and emission wavelengths for analysis were 505 and 610 nm, respectively.
The effects of pH on the fluorescence intensity of the ECR-HSA adduct were investigated. The maximum intensity was obtained at pH 2.5 ( Fig. 2) , and the intensity was larger in citrate buffer than in hydrochloric acid-potassium chloride or tartaric acid-sodium tartrate buffer. In the study of buffer concentration, the maximum intensity of the ECR-HSA was shown in 0.05 M citric acid-sodium citrate buffer.
The rate of reaction between ECR and HSA was examined. It took м30 min for the reaction to reach equilibrium at 37°C when the final HSA concentration was at 1 mg/ml. The fluorescence intensity varied with temperature in the cell chamber of the spectrofluorimeter with maximum intensity at 23°C (data not shown). Thus the reaction and measurement procedures were carried out at 37°C for 30 min and at 23°C, respectively.
The effects of the ECR concentration on the fluorescence intensity were examined. The optimum concentration of ECR was 1.0ϫ10 Ϫ5 M in the HSA concentration range of 5-100 mg/ml.
Since BALF contains 0.9% NaCl, we examined the effects of NaCl concentration on the fluorescence intensity (Fig. 3) . The fluorescence intensity of the ECR-HSA adduct decreased to about 75% in 0.9% NaCl. Therefore a calibration curve for determining albumin in BALF samples should be obtained using standard HSA in 0.9% NaCl.
At the standard procedure, the calibration curve was linear in the range of 5-100 mg/ml of HSA (rϭ0.999).
Precision and Accuracy The within-assay and the between-assay coefficients of variation (CV) in the determination for albumin in BALF were 1.09-3.38% (nϭ5) and 1.26-4.09% (nϭ8), respectively. When 5.0-50 mg/ml of HSA was added to BALF samples containing 8.2-53.5 mg/ml of albumin, the recoveries were 91.4-110.4%.
Interference The effects of various inorganic ions and several organic compounds on the determination of HSA were examined. The results are summarized in Table 1 citrate buffer (pH 2.5), 2 ml) were measured at 23°C after incubation at 37°C for 30 min. 1, reagent blank; 2, 10 mg of HSA/5 ml; 3, 30 mg of HSA/5 ml; 4, 50 mg of HSA/5 ml.
Fig. 2. Effects of pH on Fluorescence Intensity
Test solutions (1.0ϫ10 Ϫ5 mol l Ϫ1 ECR, 2 ml; 60 mg ml Ϫ1 HSA, 1 ml; 0.05 mol l Ϫ1 citrate buffer (pH 1.0-pH 7.0), 2 ml) were measured at an excitation wavelength of 505 nm and emission wavelength of 610 nm at 23°C after incubation at 37°C for 30 min.
Fig. 3. Effects of NaCl Concentration on Fluorescence Intensity
Test solutions (0-1.0% NaCl, 0.5 ml; 1.0ϫ10 Ϫ5 mol l Ϫ1 ECR, 2 ml; 100 mg ml Ϫ1 HSA, 0.5 ml; 0.05 mol l Ϫ1 citrate buffer (pH 2.5), 2 ml) were measured at an excitation wavelength of 505 nm and emission wavelength of 610 nm at 23°C after incubation at 37°C for 30 min.
amined the fluorescence of IgG-ECR adduct. The intensity of IgG-ECR is approximately 13% of that of the HSA-ECR complex.
Correlation between the ECR and EIA Methods The albumin levels of 42 BALF samples from healthy nonsmokers were determined by the ECR method and an EIA method. Figure 4 shows the relationship between the albumin concentrations obtained by the two methods (yϭ1.15xϩ0.43, rϭ0.946). Albumin levels in BALF of healthy nonsmokers and smokers were 42.9Ϯ20.7 and 48.3Ϯ15.7 mg/ml, respectively. In addition, albumin levels in BALF of the patients with idiopathic pulmonary fibrosis, sarcoidosis, and hypersensitivity pneumonitis were 55.4Ϯ17.9, 50.1Ϯ20.6, and 149.3Ϯ80.7 mg/ml, respectively (Fig. 5) .
DISCUSSION
In their experiments, Ci and Chen 23) used 308 and 423 nm as the excitation and emission wavelengths, respectively, to determine HSA using ECR at pH 4.6. However, ultraviolet radiation may give rise to fluorescence of other coexisting components. Therefore we chose 505 and 610 nm as the excitation and emission wavelengths, respectively (Fig. 1) . Under these conditions, standard HSA, and ECR solutions individually developed only low levels of fluorescence. The BALF samples gave little fluorescence intensity in the absence of ECR. Ci and Chen reported that the fluorescence intensity of reaction mixtures of HSA and ECR decreased rapidly with time, and they used polyvinyl alcohol as a stabilizer. 23) However, in the present study, the intensity was stable for 5 h at room temperature without the stabilizer.
The sensitivity of the ECR method was almost equal to both that reported by Ci and Chen and the CAS method reported previously. 21, 23) However, the linear range of the calibration curve was wider with the present method (5-100 mg of HSA per 5 ml reagent solution) than that reported by Ci and Chen (2.5-60 mg of HSA per 5 ml reagent solution).
23)
The present method was sensitive enough to determine albumin levels in BALF and showed very satisfactory precision and accuracy.
ECR has been used as a colorimetric reagent for metal ions. In addition, the interferences in the reaction between HSA and ECR or variations in the fluorescence intensity may be attributed to compounds such as pretreatment drugs before the bronchoalveolar lavage procedure, preservatives, and anticoagulant agents. However, the interference from inorganic ions was less than that observed in the CAS method, as shown in Table 1 . A good linear correlation between the ECR and EIA methods was obtained. The ECR method gave slightly higher concentrations than the EIA method, probably because the former is not free from the interference from IgG and/or other proteins. The effect of IgG on fluorescence intensity in the ECR method (13%) was larger than that on the CAS method (7%). 23) However, this interference is small in BALF samples because the weight ratios of IgG to albumin in most BALF samples were within the range of 0.1-0.3.
ECR has two 2-hydroxy-carboxyphenyl rings. Saito et al. 22) reported that the fixation of these rings in the same plane and the dissociation of two carboxyl groups on HSA are essential for fluorescence enhancement. They suggested that ion binding and hydrophobic interactions are involved in the adduct formation between ECR with HSA. The ECRbinding site on HSA potentially satisfies these requirements.
22) The selectivity of ECR for albumin is based on the binding site structure. The decrease of the fluorescence intensity by NaCl (Fig. 3) may be caused by weakening the ion binding. The concentrations of albumin in the BALF of 18 normal subjects (nonsmoker, n-S: 9; smoker, S: 9) and 26 patients (idiopathic pulmonary fibrosis, IPF: 9; sarcoidosis, SAR: 13; hypersensitivity pneumonitis, HP: 4) are shown as the average value of 6 samples collected successively from each subject. The bars represent the mean. Statistical analysis was performed using Wilcoxon's rank test. NS, not statistically significant.
Albumin levels in BALF of healthy nonsmokers agreed with the normal values reported previously. 5, 8, 12) There were no statistically significant differences among the albumin levels in samples obtained from nonsmokers, smokers, and idiopathic pulmonary fibrosis and sarcoidosis patients. However, the albumin levels showed a tendency to increase in patients with hypersensitivity pneumonitis, in agreement with the observations reported previously by Reynolds et al. 2) These results suggest that alveolar-capillary injury is elevated in hypersensitivity pneumonitis.
In conclusion, the ECR method is simpler and more rapid than the EIA method, and application of our method to the determination of albumin concentrations in BALF samples may be useful for the assessment of pulmonary vascular permeability.
